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I . BACKGROUND 


i 

The  previous  report  gave  the  theoretical  background 
for  the  work  that  has  been  undertaken  in  this  project,  and 
described  in  detail  the  proposed  scrubbers  for  removal  of 
nitric  acid  vapor  and  sulfuric  acid  mist.  For  the  nitric 
acid  scrubber,  two  proposed  schemes  were  evaluated  during 
the  first  quarter.  The  first  of  these  used  a wetted  wall 
collector,  with  a frosted  glass  tube.  The  second  approach 
used  a "Celgard"  membrane,  with  flow  parallel  to  the  mem- 
brane surface.  Our  preliminary  results  with  the  wetted 
wall  column  were  particularly  promising  and  the  decision 
was  made  to  go  further  with  that  approach.  In  the  second 
quarter,  some  additional  work  was  done  on  the  nitric  acid 
scrubber,  but  most  of  the  efforts  were  on  approaches  for 
removal  of  the  sulfuric  acid  mist. 


II.  WORK  COMPLETED  DURING  THIS  QUARTER 


f 

A.  Nitric  Acid  Scrubber 

The  optimum  configuration  for  the  nitric  acid  scrub- 
ber, based  on  experiments  during  the  previous  quarter,  was 
tested  both  for  efficiency  in  removing  gases  (where  a high 
collection  efficiency  is  desired)  and  for  efficiency  in  al- 
lowing particles  to  pass  (where  a low  collection  efficiency 
is  needed).  We  found  that,  at  a liquid  flow  rate  of  0.6  ml 
(about  7 gallons/month)  and  air  flow  rate  of  2 liters  per 
minute  (1/min) , 96.5  to  99.7%  of  the  gas  was  collected,  and 
99.0  to  99.4%  of  the  particles  passed  through.  See  Table  1. 
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Table  1 

Experimental  Results  on  Preferred  Nitric  Acid 
Scrubber  Design 

(Test  Performed  Using  Ammonia  Gas  & Ammonium  Chloride 

Particles) 


Air  Flow 
Rate,  (1/min) 

Liquid  Flow 
Rate,  (ml/min) 

mBSEM 

MBS 

2 

0.6 

37 . 5cm 

Particles 

1.0% 

2 

0.6 

37 . 5cm 

Gas 

99.7% 

2 

0.6 

50 . 0cm 

Particles 

0.6% 

2 

0.6 

50 . 0cm 

Gas 

96.5% 

Figures  1 and  2 show  typical  test  results,  in  the  form 
of  calibration  graphs,  using  an  ammonia  sensing  electrode 
for  the  solution  analysis.  The  vertical  line  indicates  the 
electrode  millivolt  reading  for  zero  ammonia  present  (0.1  M 
NaOH  only) . The  solid  curved  line  is  the  electrode  response 


MOLARITY 


MOLARITY 


to  ammonia  solutions  in  the  0.1  M NaOI!  background.  The  ob- 
served millivolt  readings  for  the  ammonia  solutions  col- 
lected from  the  scrubber  and  from  a trap  downstream  of  the 
scrubber  are  shown  at  the  horizontal  arrows. 

The  experimental  work  indicated  that  a wetted  wall 
column  would  have  very  high  efficiency  for  the  collection 
of  gases  and  a very  high  efficiency  in  be  rejection  of 
particles.  The  experiments  did  not  measure  the  time  re- 
sponse of  the  system.  The  time  response  is  a function  of 
the  rate  at  which  the  solution  on  the  walls  of  the  column 
moves  down  the  column,  is  collected,  and  then  is  measured. 
This  in  turn  is  a function  of  the  volume  throughput,  the 
area,  the  viscosity  of  the  solution  and  the  thickness  of 
the  film.  Further,  there  is  a distribution  of  velocities 
across  the  film,  with  the  liquid  immediately  in  contact 
with  the  walls  moving  slowly  (if  at  all)  while  the  outer 
most  layer  moves  most  rapidly.  Danckwerts,  in  "Gas-Liquid 
Reactions"  (McGraw-Hill,  New  York,  1970)  on  pages  73-80 
discusses  this  problem,  and  gives  the  following  equation 
for  the  velocity,  u,  at  any  depth,  x,  beneath  the  surface: 


Where  v is  the  volumetric  liquid  flow  rate,  d is  the 
diameter  of  the  tube  on  which  the  film  flows,  and  o the 
density  and  p the  viscosity  of  the  liquid. 

In  our  situation,  we  require  that  the  qas  flow  rate  be 
at  least  2500  times  as  fast  as  the  liquid  f]ow  rate,  on  a 
volumetric  basis.  Given  this  information,  we  can  calculate 
the  length  of  time  of  exposure  of  different  segments  of  the 
liquid  film.  These  variables  were  set  up  on  a computer,  and 
two  runs  were  made:  one  with  fixed  tube  diameters  and  vari- 

able rates  of  gas  flow,  and  the  other  with  a fixed  2.0  1/min. 
of  gas  flow  with  variable  tube  diameters.  A summary  of  part 
of  the  calculations  shown  in  Table  2;  the  complete  output  is 
given  in  the  Appendix. 
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Table  2 


Calculated  50%  Response  Times  for  the  Wetted- 
Wall  Nitric  Acid  Scrubber 


■1 

Gas  Flow 
Rate 
( 1/min) 

Heiqht  of 
Column 
(cm) 

Liquid  Flow 
Rato 
(ml/min) 

Part  1: 

0.5 

0.5 

lf>.  7 

0.2 

28 

0.5 

1.0 

33.3 

0.4 

35 

0.5 

4.0 

133.3 

1.6 

56 

0.5 

7.0 

233.3 

2.8 

68 

0.5 

10.0 

333.3 

4.0 

76 

1.0 

0.5 

333.3 

4.0 

45 

1.0 

1.0 

333.3 

4.0 

56 

1.0 

4.0 

333.3 

4.0 

89 

1.0 

7.0 

333.3 

4.0 

107 

1.0 

10.0 

333.3 

4.0 

121 

2.0 

10.0 

333.3 

4.0 

71 

2.0 

10.0 

333.3 

4.0 

89 

2.0 

10.0 

333.3 

4.0 

141 

2.0 

10.0 

333.3 

4.0 

170 

2.0 

10.0 

333.3 

4.0 

192 

Part  2: 

0.5 

0.5 

16.7 

0.2 

28 

1.0 

0.5 

16.7 

0.2 

45 

2.0 

0.5 

16.7 

0.2 

71 

3.0 

0.5 

16.7 

0.2 

93 

4 . 0 

0.5 

16.7 

0.2 

112 

5.0 

0.5 

16.7 

0.2 

130 

to  determine  the  concentration  of  this  mist,  it  must 
either  be  absorbed  into  a liquid  and  pumped  to  a pH  elec- 
trode, or  it  can  be  impinged  directly  on  the  face  of  an 
electrode  placed  in  the  gas  stream.  This  latter  tech- 
nique will  only  work  if  there  is  sufficient  liquid  on  the 
face  of  the  electrode  to  provide  a conducting  path  between 
the  sensing  element  and  the  reference  electrode.  If  suf- 
ficient additional  liquid  can  be  added  to  the  system  as 
a reagent  mist,  this  approach  should  work.  Since  it  should 
give  a much  faster  response  time,  we  concentrated  initially 
on  the  impingement  approach.  The  work  divided  itself  into 
two  phases  - first,  generating  a suitable  regent  mist  and 
second,  determining  if  the  combined  mists  would  impinge  on 
an  electrode  surface. 


B.l.  Nebulizers: 

We  have  looked  at  several  commercially  available  ultra- 
sonic nebulizers  for  creating  the  mist  for  the  H2S04  scrubber. 
The  advantages  of  using  ultrasonics  for  mist  creation  is  that 
we  can  generate  an  aerosol  without  also  injecting  additional 
air  into  the  sample  stream.  This  is  important  because  we  are 
working  at  low  sulfuric  acid  levels  and  any  air  injected  into 
the  sample  will  dilute  it  further. 

We  borrowed  a DeVilbiss  Model  35B  Ultrasonic  Nebulizer 
for  a two-week  trial.  This  unit  was  designed  to  humidify  air 
for  medical  inhalation  devices.  A schematic  representation 
of  the  unit  is  shown  in  Figure  3.  A fine  mist  is  created  in 
a chamber  and  an  air  stream  is  used  to  carry  the  mist  to  the 
point  where  it  is  to  be  used.  In  principle,  the  air  stream 
could  be  the  sample  stream.  The  intermediate  chamber  is  used 
to  trap  larger  droplets  that  are  created  with  the  mist,  and 
allow  just  the  smallest  mist  particles  to  be  carried  away. 

A quick  experiment  (see  Figure  4)  showed  that  with  some 
development  it  would  be  possible  to  use  a unit  similar  to 
this.  A water  column,  contained  in  a brass  tube  with  a flex- 
ible membrane  at  each  end,  was  used  to  transmit  the  ultra- 
sonic energy  to  what  was  in  effect  a remote  transducer.  The 
end  of  this  column  could  be  placed  in  the  sample  and  generate 
the  mist  where  it  is  needed  (see  Figure  5) . The  length  of  the 
column  was  varied  and  a maximum  length  of  approximately  6 
inches  still  worked. 


HIGHLY 


Figure  3.  DeVilbiss  Ultrasonic  Nebulizer 
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Anol  hoi  medical  unit  , a Mi'iiocnn  Model  war*  .ilm> 

obtained  on  trial  and  later  purchased.  The  main  advanl  ape 
of  this  unit  is  that  the  transducer  and  the  coolant  water 
chamber  are  contained  in  a detachable  unit  which  is  con- 
nected to  the  electronics  by  a cable.  Therefore  the  trans- 
ducer can  be  remounted  more  easily  into  the  sample  stream. 
This  unit  was  used,  as  is,  for  sample  generation  in  some  of 
the  initial  testing. 


In  an  attempt  to  produce  mist  directly  in  the  sample 
stream,  we  removed  the  transducer  from  the  MistOGen  cup  and 
built  a fixture  to  mount  it  at  the  base  of  a small  water 
column  as  shown  in  Figure  6. 

This  method  would  use  a water  column  as  a transmission 
medium,  while  eliminating  the  diaphragms  used  previously. 
Water  was  to  be  supplied  at  the  base  of  the  column  at  a con- 
trolled rate,  and  the  gain  setting  on  the  electronics  would 
be  used  to  maintain  a constant  water  level. 

A unit  was  constructed  and  tested.  The  water  splashed 
out  the  top,  and  very  little  mist  was  generated.  A modifi- 
cation (Figure  7)  of  the  apparatus  was  tried  next.  The  cap 
over  the  top  caught  large  drops  and  returned  them  to  the  ap- 
paratus. Mist  was  formed  and  stayed  suspended  until  carried 
away  by  the  air  stream,  simulating  the  sample  stream  in  the 
scrubber.  Before  we  could  test  the  apparatus  for  mist  ato- 
mizing rates,  a hole  was  burned  in  the  neck  of  the  column. 
This  was  caused  by  selecting  the  column  material  for  its 
transparancy  rather  than  its  resistance  to  absorbing  ultra- 
sonic energy  and  by  a slight  misalignment  of  the  column  with 
the  transducer. 

This  appears  to  be  the  most  viable  approach  to  using 
ultrasonics  to  date.  The  next  version  of  this  will  use  a 
different  material,  and  will  be  designed  with  a lower  volume 
and  better  sample  tube  entry  in  mind. 

Since  ultrasonic  nebulizers  for  medical  use  are  not  di- 
rectly applicable  to  our  case,  we  looked  at  other  fields 
where  ultrasonics  were  used  in  ways  which  may  be  more  direct- 
ly applicalbo  to  our  requirements. 
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Figure  7.  Capped  Column 


Ultrasonic  equipment  on  the  market  is  dedicated  to  a 
variety  of  jobs.  The  principle  differences  are  in  the  amount 
of  power,  the  frequency,  and  the  horn,  nozzle,  or  transducer 
configuration.  Medical  units  are  relatively  low  power  and 
high  frequency  (1  to  3 MHz).  Ultrasonic  welding  equipment  is 
high  power  with  frequencies  around  20  KHz.  Ultrasonic  dis- 
rupter probes  for  cell  destruction,  homogenizing,  soldering, 
cleaning,  etc.,  are  medium  power  and  operate  at  50  to  70  KHz. 

Two  vendors  of  ultrasonic  welders  volunteered  to  try 
some  experiments  for  us  with  horns  for  their  equipment.  They 
are  checking  the  feasibility  of  atomizing  water  with  a con- 
figuration similar  to  that  shown  in  Figure  0. 

We  borrowed  a Dentsply/Cavitron  Model  1010  ultrasonic 
tooth  cleaning  probe  for  two  weeks  from  a local  dentist. 

(See  Figure  9.)  It  has  a pick  which  vibrates  and  a water 
stream  which  is  atomized  as  it  passes  through  the  vibrating 
base  of  the  pick  and  then  sprays  onto  the  pick.  The  water 
is  used  to  cool  the  transducer  and  then  to  flush  the  teeth. 
The  fact  that  a mist  could  be  produced  from  a small  probe 
which  could  easily  be  inserted  into  a sample  stream  was  en- 
couraging. Due  to  the  low  operating  frequency  of  the  device 
however,  the  droplets  were  too  course,  and  their  settling 
rate  too  fast  for  use  in  a scrubber. 


B.2.  Steam  Condensation: 

In  attempting  to  correct  extremely  fine  mist  particles, 
the  major  problem  is  increasing  their  size.  See  Table  3. 

In  the  nebulizer  approach,  it  was  hoped  that  mist  particles 
would  increase  in  size  by  collision  with  particles  of  the  re- 
agent mist.  An  alternative  approach  would  be  to  run  the  mist 
stream  through  an  area  where  active  condensation  of  steam  is 
taking  place.  It  is  wellknown  that  such  condensation  occurs 
preferentially  on  dust  and  other  particles  which  act  as  conden- 
sation nuclei. 


Simple  calculations  indicated  that  it  would  require  on 
the  order  of  40  watts  to  convert  1 ml  of  water  per  minute  to 
steam.  Although,  as  steam,  this  gaseous  stream  would  dilute 
the  mist-containing  air,  it  would  not  contain  any  of  the  ma- 
terials to  be  measured,  and  partial  condensation  would  minimize 
the  overall  dilution.  In  principle,  the  approach  looked  par- 
ticularly attractive  because  it  would  be  highly  efficient  - 
condensation  would  occur  preferentially  on  the  hydroscopic  mist 
droplets.  Further,  as  steam,  the  water  vapor  would  diffuse 
rapidly  through  the  gas  stream,  so  that  the  system  would  come 
to  equilibrium  very  quickly. 

The  setup  shown  in  Figure  10  was  run  and  the  initial  re- 
sults indicate  further  work  in  this  direction  is  warranted. 

A container  of  water  was  heated  with  an  immersed  coil  of 
resistance  wire.  The  amount  of  energy  added  to  the  water  can 
be  closely  regulated  by  controlling  the  voltage  and  the  cur- 
rent to  the  heater.  If  the  container  is  well  insulated  so  that 
there  is  no  heat  loss,  all  the  energy  is  used  to  convert  water 


*Data  from  Perry  and  Chilton,  Chemical  Engineers ' Handbook , 
McGraw-Hill,  5th  ed.,  1973,  pT  2(l-?9 . 
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to  steam,  and  a close  control  of  the  water  quantity  being 
converted  to  steam  is  maintained.  Since  our  first  pass  was 
not  well-insulated,  we  did  not  get  100%  conversion,  but  we 
were  getting  close  to  theoretical,  about  one  ml  of  water 
per  minute  with  about  40  watts  to  the  heater.  Once  equilib- 
rium was  reached,  the  quantity  of  steam,  by  visual  inspection, 
could  be  very  closely  controlled  by  adjusting  the  voltage 
control,  and  there  was  instantaneous  response.  A final  sys- 
tem easily  could  have  a close  balance  between  the  water  being 
converted  to  steam  and  the  water  being  added  to  the  chamber 
with  the  reagent  pump. 


B.3.  Scrubbing  Attempts: 

To  test  the  feasibility  of  using  a reagent  mist  as 
a scrubbing  solution  and  impingment  on  an  electrode  as  a means 
of  measurement,  a series  of  tests  were  run.  We  used  the  Mist- 
OGen  nebulizer  to  produce  a mist  from  a 0.1  M NaCl  solution 
and  a combination  chloride  electrode  as  the  detector. 

The  electrode  was  fitted  at  the  end  of  33  cm  long  tube, 

2 cm  in  diameter.  Since  none  of  the  airless  mist  injection 
schemes  are  operative  yet,  we  started  electrode  testing  with 
a 10  to  1 ratio  of  sample  air  to  air  drawn  through  the  mist 
generator.  (See  Figure  11.)  We  expected  the  mist  to  impinge 
upon  the  electrode,  causing  a response  that  could  be  read  on 
a millivolt  meter.  No  response  was  seen. 

To  increase  the  amount  of  mist  in  the  air  stream  past  the 
electrode,  we  next  passed  100%  of  the  sample  stream  through  the 
mist  generator.  This  did  in  fact  create  a heavy  fog  in  the  tube. 
There  was  still  no  electrode  response.  Adding  a wetting  agent 
(Tergitol)  to  the  mist  caused  an  electrode  response,  but  it 
showed  only  about  half  the  actual  chloride  level. 

Since  a pH  electrode  will  be  used  in  the  sulfuric  acid 
scrubbing,  and  it  is  more  sensitive  than  the  chloride  electrode, 
we  decided  to  repeat  our  experiments  with  a combination  pH 
electrode . 

We  interchanged  two  buffer  solutions,  pH  4.00  and  6.86, 
in  the  nebulizer  to  test  the  time  response  of  the  apparatus. 
Experiments  were  run  w .th  all  the  sample  stream  coming  from 
the  mist  generator. 

In  the  first  trial,  the  electrode  showed  99%  of  the  cor- 
rect reading  in  about  nine  minutes  after  the  mist  has  been 
changed  from  one  buffer  to  the  other.  The  change  was  geo- 
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(FAS  PUMP 


Figure  11.  Impinging  Test  for  Mixture  of  HCl  Gas 

and  HoO  Mist 


metric:  quite  rapid  at  first,  then  gradually  approaching 

the  true  reading. 

We  suspected  that  the  slow  response  time  was  due  to  the 
time  required  to  wet  the  large  surface  of  the  electrode.  We 
tried  to  reduce  the  effective  area  to  he  wetted  by  placing  a 
strip  of  filter  paper  between  the  sensing  element  and  refer- 
ence element  of  the  electrode.  The  strip  was  soaked  in  the 
internal  filling  solution  of  the  electrode.  This  resulted  in 
a response  time  of  about  6*5  minutes.  We  believe  that  the  prob- 
lem was  accumulation  of  liquid  on  the  electrode  surface.  The 
obvious  next  step  was  to  try  a much  smaller  pH  electrode. 

Further  experiments  on  response  time  using  the  smaller 
pH  electrode  to  changes  in  mist  pH  showed  a dependence  on  tube 
diameter,  orientation  of  the  electrode,  and  type  of  electrode 
used.  Numerous  configurations  were  tried  including  some  only 
qualitatively,  to  determine  a good  procedure  to  follow.  We 
tried  a combination  pH  electrode  with  a 1 cm  I.D.  horizontal 
tube,  and  found  that  it  took  6%  minutes  to  read  90%  of  a change 
from  pH  4.01  to  pH  6.86  at  a flow  rate  of  10  1/min.  We  tried 
to  improve  the  response  time  by  decreasing  the  tube  diameter 
and  thus  increasing  gas  velocity.  We  also  tried  vertical  tubes 
with  the  pH  electrode  mounted  upside-down  at  the  bottom.  In 
addition  to  the  1 cm  diameter  electrode,  we  also  tried  a pH 
electrode  with  a 0.5  cm  bulb  and  an  electrode  with  a flat  sur- 
face, 0.75  cm  in  diameter.  Figures  12,  13,  and  14  are  graphs 
showing  response  time  as  a function  of  flow  rate.  Results 
are  tabulated  in  Table  4. 
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Table  4 

Results  of  Nebulizer  Collecting  Experiments 


Electrode 

Tubing 

Diameter 

(cm) 

Electrode 

Position 

Response 

Time 

Figure  No. 
of  Data 

1.6  cm 
bulb 

2.0 

Horizontal 

6*s  min. 
at  10  1/min 

- 

1.0 

Vertical 

very  fast 
above  7 1/m 
flow;  slower 
below  7 1/m 

No.  12 

1.0 

Horizontal 

slower  than 
vertical 

0.4 

Vertical 

slower  than 
sm.  electrode 

0.5  cm 
bulb 

0.4 

Vertical 

very  fast 

No.  13 

1.0 

Vertical 

slower  than 
0.4  cm  tubinq 

— 

Flat 

surface 

0.4 

Vertical 

best  time 

No.  14 

Having  shown  that  an  electrode  will  respond  to  a mist 
going  by  it,  our  next  step  was  to  show  that  we  could  com- 
bine a sample  with  a neutral  mist  and  obtain  a mist  to 
which  an  electrode  could  respond,  thus  in  effect,  scrubbing 
the  sample  from  the  gas  stream.  The  plan  of  attack  was  to 
first  use  HCL  gas,  water  mist,  and  a pH  electrode.  Once 
satisfactory  readings  were  obtained  here  we  would  switch  to 
a chloride  electrode.  From  here  we  would  switch  the  sample 
from  HCl  gas  to  NH^Cl  smoke.  And  NH4CI  being  an  easy  means 
of  generating  frine  particle  we  set  up  the  system  shown  in 
Figure  15.  With  this  setup  we  could  mix  HCl  gas  with  water 
mist  from  the  nebulizer  and  easily  control  the  relative  flow 
rates  from  all  mist,  to  all  gas,  to  equal  parts  of  each. 

With  HCl  flowing  at  1 1/min.,  and  the  water  mist  flowing  at 
1 1/min.,  readings  on  the  pH  electrode  did  indicate  the  pres- 
ence of  an  acid,  but  the  readings  were  very  unstable.  The 
next  step  toward  scrubbing  particles  from  the  sample,  rather 
than  just  gas,  was  to  change  the  electrode  from  a pH  elec- 
trode back  to  a chloride  electrode.  If  we  could  get  readings 
on  a combination  chloride  electrode  from  the  HCl  gas  which 
we  know  was  absorbed  into  the  reagent,  we  could  then  con- 
tinue by  replacing  the  HCl  gas  with  NH^Cl  smoke.  Unfortunately 
no  satisfactory  readings  could  be  obtained  with  the  combination 
chloride  electrode.  Despite  variations  like  roughening  the 
surface  of  the  electrode,  and  shortening  the  liquid  junction 
path,  no  stable  or  reproducible  readings  were  obtained. 
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III.  Conclusions 


The  additional  tests  on  the  nitric  acid  scrubber  con- 
tinued to  show  a high  collection  efficiency  for  gas  and  a 
high  rejection  rate  for  particulates.  Calculations  show 
that  the  part  of  the  response  time  of  the  nitric  acid 
scrubber  system  required  for  the  reagent  to  fall  down  the 
walls  of  the  scrubber  and  exit  to  the  electrode  can  feasibly 
be  held  down  to  one  or  two  minutes.  Evaluation  of  commer- 
cially available  ultrasonic  nebulizers  has  shown  that  there 
is  none  currently  on  the  market  which  is  directly  applicable 
or  adaptable  to  our  application  in  the  sulfuric  acid  scrubber 
section  of  the  monitor.  Work  began  on  the  first  alternative 
method  to  mist  generation  by  building  a controlled  rate  steam 
generator.  Concurrently  work  was  being  done  to  evaluate  the 
feasibility  of  getting  electrode  readings  by  having  a mist 
stream  impinge  on  the  electrode  surface.  We  found  that  ex- 
posure of  a smaller  surface  area  on  an  electrode  gave  the 
best  time  response. 
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IV.  Future  Work 


The  next  steps  on  the  nitric  acid  scrubber  will  be 
to  generate  some  gases  of  known  concentrations  and  to 
check  response  of  the  system  while  changing  from  one  gas 
to  another.  On  the  sulfuric  acid  scrubber,  the  feasibility 
of  a steam  scrubber  system  will  be  further  investigated. 


PRECEDING  PA3fc4rfUNK-N0T  FILMED 
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APPENDIX 


NITRIC  AGIO  COLUMN 


TUBE  DIAM.#CM:  0.5  GAS  FLOW  KATE#  L/M  N : 0 . ! 

HT.  OF  COLUMN®  16.7 

LIQUID  FLOW  RATE#ML/MIN=  0.2 

CONCN  RATIO®  2500 

LIQUIO  FILM  THICKNSS*  0.00402 

HOLDUP  V OL  « # ML=  0.105240 

LIuUlO  VELOCITY#  CM/SECs  AT  SUKFACE=  0.791845 
50%  UOWN  = 0 • 593883  90%=  0.150450  98%= 

TIME  FOR  1 VOL  CHANGE#  SEC# BASED  ON  INPUT : 31.57 

Tire  uF  Liu  EXPOSUkt#  SEC : 

SURF  ACE  = 21.05  MIDPOINT®  25.06 

90%  t)OWN=  110.78  98%  DOWN=  531*54 


0 .031356 


NITRIC  ACID  CULlJMN 

TUBE  DIAh.#CMi  0.5  GAS  FLOW  KATE#L/MIN:  1.0 

HT.  Of  COLUMNS  33.3 

LIQUID  FLOW  «ATE#ML/MN=  0.4 

C 0 NC  N RA  T I 0=  2500 

LIQUID  FILM  THICKNSS=  0.00507 

mOLuUP  VOL • # ML=  0.265187 

LIuUlD  VELOCITY#  CM/SEC:  AT  SURFACE®  1.256980 
50%  DOWN=  0.942732  90%=  0.238825  98%=  0.049776 

TIME  F On  1 VOL  ChANGE#  SEC  # BASED  ON  INPUT:  39.7b 

TIME  OF  LIQ  EXPOSUKE#SEC: 

SURFACE®  26.52  MIDPOINT®  35*36 

90%  DOWiv®  139.57  98%  DOWN*  669.66 


NITKlC  ACID  COLUMN 


IUBE  D I A M . # C M : 0.5  GAS  FLOW  KATE»L/MIN:  4.<i 

nr.  OF  COLUMN*  133-3 

LIQUID  FLOW  KATE#ML/MIN=  1.6 

CONCN  KA T I 0=  2500 

LIQUID  FILM  THICKNSS®  0.00804 

POLDDP  VOL  • # ML=  1.683830 

LIQUID  VELOCITY#  CM/SEC:  AT  SURFACE=  3.167380 
50%  DOWN®  2.375540  90%=  0*601801  98%= 

TIME  FOR  l VUL  CHANGE # SEC # BASED  ON  INPUT:  63.14 

TIME  UF  L I 0 EXPOSURE#  SEC  * 

SURFACE®  42.10  MIDPOINT®  56*13 

90%  DOWN®  221.56  98%  DOWN=  1063.0 


0.125428 
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NITRIC  ACID  COLUMN 


TUBE  DlAM.*CM:  0.  5 GAS  F LOW  RATE*L/M1N:  7.0 

HT.  OF  COLUMN*  2 3 3 • 3 

LIQUID  FLOW  HAT  E * ML/M IN*  2.8 

CONCN  HAriO=  2500 

LIQUID  FILM  TH1CKNSS*  0.00969 

hULUUP  VOL  »* ML*  3*550990 

LIQUID  VELOCITY*  CM/SEC:  AT  SURFACE*  4.599660 

50%  0 OWiV=  3.449750  90%  = 0.873939  98%  = 0.182146 

TINE  F uR  I VOL  CHANGE*S£C*BASED  ON  INHUT:  76.09 

TINE  0(t  LIU  EXPOSURE*  SEC : 

SURFACE*  50.73  MIDPOINT*  67.64 
90%  DOWN*  266.99  98%  DOWN*  1281.0 


NITRIC  AC  1 0 COLUMN 


TUBE  0 I A M • * C M : 0.5  GAS  F LOW  HA  TE  » L/M.  IN:  10.0 

HT.  OF  COLUMN*  333*3 

LIQUID  FLOW  HATE*ML/MIN=  4.0 

CONCN  RATIO*  2500 

LlQUlO  FILM.  THICKNSS*  0.01091 

HOLDUP  VOL . » ML*  5.713280 

LIQUID  VELOCITY*  CM/SEC:  AT  SURFACE*  5.834370 

50%  t»uWN  = 4*37  57  70  90%=  1.108540  98%=  0.231050 

TIME  FOk  I VOL  CHANGE*  SEC  * BASED  UN  INPUT:  85.70 

TIME  OF  LIU  EXPOSURE* SEC: 

SURFACE*  57.13  MIDPOINT*  76*18 
90%  DOWN*  300.70  98%  DOWN*  1442.7 


! 


NITRIC  ACID  COLUMN 


728.73  9 02.05 
*W  2.0  5 

02.05  S LS=GM* I0W0/60*KI  S LM=60*LS 
*0 

RA  flu  UF  GAS/LIU:  2500 
D 1 A M OF  rUBE*CM:l.W 
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NITRIC  ACID  CULUNN 


IUBE  D 1 A M . # C M ! I • 0 CAS  F LOW  KATE#L/M1N:  1.0 

HI.  Uk  COLUMN = 33 • 3 

LIQUID  k LOW  RATE#  l .L/M1N*  0.4 

CUNCN  KAT10=  2500 

LIQUIu  FILM  T ri  ICKNSS*  0.00402 

hQLUUP  VOL . » MlL  = 0.420959 

LIQUID  VELOCITY#  CM/SEC:  AT  SURFACE*  0.791845 
50%  OOWN=  0.593883  90%*  0.150450  982=  0.031356 

TIME  FOR  1 VOL  CnANGE#5EC*BASED  ON  INPUT:  63*14 

TIME  OK  LIQ  EXPOSURE*SEC: 

SURFACES  42.10  MIDPOINTS  56.13 

90%  DOWNs  221.56  98%  DOWN=  1063*1 


NITRIC  ACID  COLUMN 


TUBE  DIAR «»CM:  1.0  GAS  FLOW  RATE* L/M/1N:  4.0 

hi*  OF  COLUMNS  133.3 

LIQUID  FLUW  KATE*  M,L/MiINs  1.6 

CUNCN  RATIO*  2500 

LIQUID  FILM  THICKNSS*  0.00638 

HOLDUP  V OL  * # MiL  = 2.672920 

L 100  iu  VELOCITY*  CM/S EC:  AT  SURFACE*  1 .995330 

50%  0 0 W N = 1.496490  90%s  0.3791  1 1 98%=  0.079015 

TIME  FUR  1 VOL  CHANGE * SEC  * BASED  ON  INPUT:  100.24 

TIME  OF  L 1 0 EXPOSURE*  SEC : 

SURFACE*  66.82  MIDPOINT*  89.10 
90%  DOWN*  351.70  98%  DOWN*  1687.5 


NITRIC  ACID  COLUMN 


TUBE  DIAM.*CM:  1.0  GAS  k LOW  KATE  # L/M 1 N : 7.0 

hi.  uF  COLUMNS  233.3 

LIQUID  FLUW  RATE#  MiL/MilN=  2.8 

CONCN  RATIOS  2500 

LIQUID  FILM  THICKNSS*  0.00769 

HOLDUP  VUL . * ML  = 5.636850 

LIUUID  VELOCITY#  CM/SEC:  AT  SUKFACE=  2.897610 
50%  DOWNs  2.173200  90%=  0.550544  98%=  0.114740 

T 1 ME  FOR  1 VOL  CHANGE#  SEC»BASEI)  ON  INPUT:  120.79 

TIME  uF  LIQ  EXPOSURE » SEC : 

SURFACE*  80.53  MIDPOINT*  107*37 
90%  DOWN*  423.82  98%  UOWN=  2033*6 


NITRIC  AC 1U  COLUMN 

sssrsssacsssssrrsss 

TUBE  DlAM.*CM:  1 .0  GAS  FLOW  HATE*  L/hliMt  10.0 

HI.  OF  COLUMNS  333.3 

LlUUlU  FLOW  KATE*ML/MIN=  4.0 

CONCN  RA  T 1 0 = 3500 

LIQUID  FILM  THICkNSS=  0.00866 

HOLDUP  VOL.*ML=  9.069260 

LIQUID  VELOCITY*  CM/SEC:  AT  SURFACES  3.675420 
50%  DOWN=  2.756570  90%  = 0. 696328  98%  = 0.145546 

TIME  FOR  1 VOL  CHANGE*  SEC* BASED  ON  INPUT:  136.04 

TIME  OF  Lit)  EXPOSURE*  SEC ! 

SUkFACE=  90.69  Ml DPO I NT  = 120-92 

90%  UUWN=  477.33  98%  DOWN=  2290.2 


ss  = sc  = s-  = = -sz 


NITRIC  ACID  COLUMN 

=S=====SS=S£S=C=S= 

TUBE  D I AM • *CM : 2.0  GAS  FLOW  RATE  * L/M 1 N : 0-5 

HT.  OF  COLUMNS  16.7 

LIQUID  FLOW  RATE  * ML/MI N=  0.2 

CGNCN  RATlU=  2500 

LIQUID  FILM  THICKNSS=  0.00253 

HOLDUP  VUL • * ML=  0.265187 

LIQUID  VELOCITY*  CM/SEC:  AT  SURFACE=  0.314244 
50%  DOWNa  0.235683  90%s  0.059706  96%=  0.012444 

TIME  FOR  1 VOL  CHANGE* SEC* BASED  On  INPUT:  79-56 

TIME  OF  LIO  EXPOSURE » SEC : 

SURFACE  = 53.04  MIDPOINTS  70.72 

90%  DOWNS  279.15  96%  OOWNs  1339*4 


NITRIC  ACID  COLUMN 

TURE  U 1 A M • # C M J 2.0  GAS  FLOW  RATE*  L/M1NI  1.0 

HT.  OF  COLUMNS  33. 3 

LIQUID  FLOW  KATE*ML/MINs  0.4 

CONCN  kA1IO=  2500 

LIQUID  FILM  TH1CkN55=  0.00319 

nOLDUP  VOL.  *MiL=  0.66*230 

LIQUID  VELOCITY*  CM, /SEC:  AT  SURcACE=  0.496831 

50%  DOWN=  0.374123  90%=  0.094778  98%=  0.019754 

TIME  FOR  1 VuL  CHmi\ioE  * SiiC*  BAS"  d ON  InPUT:  100*24 

TIME  OF'  LIQ  EXPOSURE*  SEC : 

SURFACES  66.82  M1DPU1NT=  89.10 

90%  dOWNs  351.70  98%  DOWN=  1687.5 
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NITRIC  ACID  COLUMN 


TUBE  D I A M.  • # C M : 2-0  GAS  FLOW  RATE#  L/MI  N : 4.0 

HT.  OF  COLUMm=  133.3 

LIQUID  FLOW  RATE#MiL/MiIN  = 1.6 

CONCN  HAT  I 0=  2500 

LIQUID  FILM  rHlCKNSS=  0.00507 

HOLDUP  VGL.#ML=  4.242990 

LIQUID  VELOCITY#  CM/SEC:  AT  SURFACE*  1 .256980 
502  DCWN=  0.942732  90%=  0.238825  98%=  0.049776 

T 1 ME  Fuk  1 VUL  ChANGE#SEC#BASED  ON  INHUT:  159.11 

TIME  OF  LIQ  EXPOSURE#  SEC : 

SURFACES  106.08  MIDPOINT*  141.43 
90%  DOWN=  558.29  98%  DOWN=  2678.7 


NITRIC  ACID  COLUMN 


TUbE  D I m M . # C M : 2.0  GAS  FLOW  RATE#  L/M IN : 7.0 

HT.  OF  COLUMN=  233*3 

LIQUID  FLOW  RATE#  ML/M1N=  2.8 

CONCN  RATIO=  2500 

LIQUID  FILM  THICKNSS=  0.00610 

HOLDUP  VOL.# MiL  = 8.947930 

LIQUID  VELOCITY#  CM/SEC:  AT  SURFACE=  1*885380 
•j02  DOWN=  1.369030  90%=  0.346821  96%=  0.072285 

TIME  FOR  1 VOL  CHANGE # SEC # BASED  ON  INPUT:  191.74 
TIME  OF  LIQ  EXPOSURE# SEC : 

SURFACES  127.83  MIDPOINT*  170.44 
90%  DOWN=  672.78  98%  DOWN=  3228-0 


NITRIC  ACID  COLUMN 


TUBE  UIAM.#CM::  2.0  GAS  FLOW  KAT£#L/MiIN:  10.0 

HT«  OF  COLUMNS  333.3 

LIQUID  FLOW  RATE#ML/KIN=  4.0 

CGnCN  rATIOs  2500 

LIQUID  FILM  THICKNSS=  0.00688 

HOLDUP  VOL . # ML  = 14.396600 

LIQUID  VELOCITY#  CM/SEC:  AT  SURFACES  2.315370 

50%  DOWN*  1.736533  90%=  0.439916  98%=  0.091685 

TIME  FOR  1 VOL  CHANGE#SEC#BASED  ON  INPUT:  215.95 

TIME  OF  LIQ  EXPOSURE# SEC  X 

SURFACES  143.97  MIDPOINT*  191.95 

90%  DOWN*  757.72  96%  DOWN*  3635-7 


NITRIC  AC  I L)  COLUMN 


TUBE  D1AM.#CM!  b.y  CAS  FLUW  RATE#  L/M 1 N : 0.5 

HT.  OF  COLUMN3  16*7 

LIQUID  FLOW  RATE#ML/MIN=  0.2 

CONCN  RAT  I 0=  2500 

LIQUID  FILM  THICK i\SS=  0.00187 

HOLDUP  VUL  » # ML  = 0.4U8460 

LIQUID  VELOCITY#  CM/SEC:  AT  SUKFACE=  0.170598 

50?  DOWN*  0.127948  90%  = 0.032413  98%=  0.006755 

TIME  FOR  1 VOL  CHANGE# SEC#BASED  ON  INPUT!  146*54 

TIME  OF  LIQ  EXPOSURE# SEC  I 

SURF  ACE  = 97.70  MIDP0INT=  130.26 

90%  OOWN=  514.20  98%  DOWN3  2467.3 


NITRIC  ACID  COLUMN 


TUeE  DIAM.#CM!  5.0  GAS  FLOW  RATE#L/M.INs  1.0 

hT.  OF  COLUMN=  33.3 

LIQUID  FLOW  KA  TE#  ML/M 1 N=  0.4 

CONCN  RAT  10=  2500 

LIQUID  FILM  THICKNSS=  0.00235 

hOLDUP  VOL. #ML=  1.230890 

LIQUID  VELOCITY#  CM/SECs  AT  SURFACE=  0.270807 
50%  D01vN=  0.203106  90%=  0.051454  98%=  0.010724 

TIME  FOR  1 VUL  ChANGE#  SEC#  BASED  ON  INPUT!  184.63 
TIME  OF  LIQ  EXPOSURE# SEC! 

SURFACE3  123.09  MIDPOINT3  164.12 
90%  DOWN3  647.83  98%  OOWN=  3108.2 


NlTrtlC  ACID  COLUMN 


TUBE  0 1 A M • # C M : 5.0  GAS  FLOW  RATE#L/Mi.\!  4.0 

HT.  OF  COLUMN=  133*3 

LIQUID  FLOW  KATE.KL/MIN*  1.6 

CONCN  RATIO=  2500 

LIQUID  FILM  THICKNSS=  0.00373 

HOLDUP  VOL. »ML=  7.815650 

LIQUID  VELOCITY#  CM/SEC!  AT  SURFACE3  0-682392 
50%  DOWNs  0.511794  90%=  0*129655  98%=  0.027024 

TIME  FOR  1 VOL  CHANGE# SEC # BASED  ON  INPUT!  293-09 
TIME  OF  LIQ  EXPOSURE # SEC ! 

SURFACE3  195.39  MIDPOINT3  260.52 
90%  DOWN=  102&.4  98%  DOWN3  4933*9 


NITRIC  ACID  COLUMN 


TUBE  DIAM.*CK:  5.0  GAS  FLOW  RATE*  L/M IN:  7.0 

hT.  OF  COLUMN=  233.3 

LIQUID  FLOW  RATE.  * ML/K IN=  2*6 

CONCN  KA T I 0=  2500 

LIQUID  FILE  TnICKNSS=  0.0045M 

HOLDUP  VOL • * ML  = 16.482300 

LIQUID  VELOCITY*  CM/SEC:  AT  SUKFACE=  0.990967 
50%  UOWN=  0.743225  90%=  0.186283  98%=  0.039242 

TIFF  FOR  1 VUL  CHANGE*  SEC* BASED  ON  INPUT:  353*  1 9 
TIME  OF  LIQ  EXPOSURE* SEC: 

SURFACE=  235.46  MIDPOINT=  313*95 
90%  DOWN=  1239.3  98%  DOWN=  5946-0 


NITRIC  ACID  COLUMN 


TUBE  DIAM.»CM:  5.0  GAS  FLOW  KATE* L/MIN:  10.0 

HT*  vF  CULUt-:N=  333*3 

LIQUID  FLOW  RATE*ML/FIN=  4.0 

CONCN  RAT  10=  2502 

LIQUID  FILM  TH1CKNSS=  0.00507 

HOLUUP  VuL.*ML=  26-518700 

t.  lull  1 0 VELOCITY*  CM/SEC:  AT  SURFACE*  1 .286960 

50%  .0 0 W N = 0.942732  90%=  0.238825  98%=  0.049776 

THE  FOR  1 VOL  CHANGE  * SEC  * BASED  ON  INPUT:  397.78 

TH  E OF  L 1 0 EXPOSURE* SEC  : 

SUKFACE=  565.1  9 MDPOINT=  353*58 
92%  uOWN=  1395.7  98%  DOWN=  6696*6 


NITRIC  ACID  COLUMN 


I Util . u 1 A r . * C i'i : 0.5  GAS  FLOW  KATE*  L/M  I N:  0.5 

MT.  OF  COLUMNS  16.7 

LIUUIU  FLOW  RATE*  ML /MI N=  0.2 

CONCN  RATIO=  250P 

LIUUIU  FILM  TnICKNSS*  0.00402 

HOLDUP  VOL • * ML  = 0.105240 

LlUUlD  VELOCITY*  CM/SEC:  AT  SURFACE=  0.791845 

50%  DOWN  = 0.593683  90%=  0.150450  98%=  0.031356 

TIME  FOR  I VOL  CHANGE  * SEC* BASED  ON  INPUT:  31*57 

THE  oF  LIU  E XPUSURE  * SEC  : 

SURFACE  = 21  .05  MDP0INT=  28*06 


90%  DOWN=  110.76 


98%  D0WN=  531 


.54 


l 
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NITRIC  ACID  COLUMN 


TUBE  UIAK..CM:  1 .0  GAS  FLOW  KATE.L/MINs  0.5 

HT.  Of  COLUMN = 16.7 

LIQUID  FLOW  KATE . ML/M  I N=  0.2 

CO NON  KA 110=  2 SOD 

LIQUID  FILM  THICKNSS=  0*00319 

HOLDUP  VOL. . ML  = 0.167057 

LIQUID  VELOCITY.  CM/SEC:  AT  SURFACE=  0.498831 

50%  DOWN=  0.374123  90%=  0.094778  98%=  0.019754 

TIME  FOR  1 VOL  CHANGE . SEC. BA SED  ON  INPUTS  50.12 

TIME  OF  LIQ  EXPOSURE. SEC : 

SURFACE  = 33.41  MIDPOINT*  44*55 

90%  DOWN  = 175*85  98%  DOWN=  843.73 


NITRIC  ACID  COLUMN 


1U8E  OIAK..CK:  2.0  GAS  FLOW  KATE  . L/M IN:  0.5 

HT.  OF  COLUMN=  16.7 

LIQUID  FLOW  RATE. ML/MI N=  0.2 

CONCN  KATIO=  2500 

LIQUID  FILM  TH ICKNSS  = 0.00253 

mOLDUP  VOL . . ML  = 0.265187 

LIQUID  VELOCITY.  CM/SECs  AT  SURFACE=  0.314244 

50%  D 0 W N = 0.235603  90%=  0.059706  96%=  0.012444 

TIME  FOR  1 VOL  CHANGE . SEC . BASED  ON  INPUT:  79.56 

TIME  OF  LIQ  EXPOSURE. SEC : 

SURFACE  = 53*0*  M:lDPOINT  = 70.72 

90%  DOWN=  279.15  98%  DOUN=  1339.4 


NITRIC  ACID  COLUMN 


1USE  OIAM..CM!  3.0  GAS  FLOW  RATE. L/K1N!  0.5 

HT.  OK  COLUMNS  16.7 

LIQUID  FLOW  RATE.ML/MINs  0.2 

CONCN  kATIO=  2500 

LIQUID  FILM  TH ICKNSS-  0.00221 

HOLDUP  VOL • . ML=  0*347493 

LIQUID  VELOCITY.  CM/SEC:  AT  SUKFACE=  0.239813 
50%  UOWNs  0.179860  90%=  0.045565  98%=  0.009497 

TIME  FOR  1 VOL  C hANGE . SEC . BASED  ON  INPUT:  104.25 

TIME  OF  LIQ  EXPOSURE. SEC: 

SURFACES  69.50  MIDPOINT*  92.67 

90%  DOWN=  365.78  98%  DOWN=  1755.0 


l 
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NITRIC  AC  ID  COLUMN 

S2SSSSS3SSSSSCSSSS 

TUBE  D1AM.»CM:  4.0  GAS  FLOW  RATE*L/MIN:  0.5 

HT.  OF  COLUKN=  16.7 

LIQUID  FLOW  RATE*ML/MiIN=  0.2 

CONCN  RATIO=  2500 

LIQUID  FILM  THICKNSSs  0.00201 

HOLDUP  VGL.*ML=  0.420958 

LIQUID  VELOCITY,*  CM/SEC:  AT  SURFACES  0.197962 
50%  DOWN=  0.148471  90%=  0.037613  98%=  0.007839 

TIME  FOR  1 VOL  CHANGE*  SEC*  BASED  ON  INPUT:  126*29 
TIME  OF  L IQ  EXPOSURE  * SEC : 

SURFACES  84.19  MIDPOINT®  112.26 
90%  DOWN=  443.11  98%  DOWN=  2126*1 


NITRIC  ACID  COLUMN 


TUBE  U I A Fi » * C M : 5.0  GAS  FLOW  RATE*  L/M  IN:  0.5 

MT.  OF  COLUMNS  16.7 

1. 1 QUID  FLOW  RATE*  ML/M1N=  0.2 

CONCN  RATIO=  2500 

LiUUID  f 1 LMi  THICKNSSs  0.00187 

HOLDUP  VOL • * ML*  0.488480 

LIQUID  VELOCITY*  CM/SEC:  AT  SURFACE®  0.170598 
50%  DOWN=  0.127948  90%=  0.032413  98%=  0.006755 

TIME  FOR  1 VOL  CHANGE * SEC * BASED  ON  INPUT:  146*54 
TIME  OF  L 10  EXPOSURE*SEC: 

SURFACES  97.70  MIDPOINT®  130.26 
90%  DOWN®  b 1 4 » 20  98%  DOWN®  2467.3 


DISTRIBUTION  LIST  I OR  FO-TK-76044 


Names 


Copies 


Names 


Copies 


F DO.  I- WOOD  ARSI  NAI. 


Tl  (TINICAI.  DIR  I (TOR 
Aim  SARI  A I D 
Alin:  SARI  A-TD  I 
I OKI  ION  INTI  LI.IOI  NCI'  OITICI  R 
( Mil  I , l.l  OAI.  Oi  l II  I 
( Mil  I SAl  I I V III  I K I 
I’DIII  10  III  A I III  SI  RVK  I I O 
AIM  IIOICS  OOBY , I ti  iloriui  I Research  Oil  lee 


DIRECTOR  OF  HIOMIDICAL  LABORATORY 


Alin:  SARFA-BL-M 
Alin:  SARI  A-BI.  II 
Alin:  SARFAUl.-O 
Alin:  SARFA-BL-RC 
Alin:  SARI  A III.  I 
Alin:  SARFA-I1L-V 


DIRI  CM  OR  Ol  ( III  MICAI.  LABORATORY 
Alin  SARI.ACL-C 
Alin.  SARI. AT  l.  l) 

Alin:  SARI  ACL  I’ 

Alin  SARI  A Cl  I I 


DIR  I’d  OR  Ol  1)1  VI  lOl’MI  NT  A I NOINI  I RINO 
Alin  SARI  A 1)1  S 


DIRI  Cl  OK  Ol  MANDI  Al  l HRINO  T I CHNOI.OGY 
Alin  SARIAMITT 
Alin  SARI  AMI  D 


DIR  I .Cl  OR  Ol  I’RODIK  I ASSCKANCI 
Alin  SARI  A BAR 
Alin.  SARI  A I’A  A 
Alin  SARFA-RA-O 


DIRI  (TOR  Ol  1 1 (TINICAI.  SUITOR  I 
Alin  SARFATSK 
Alin  SARI  A-TS-1 
Aim  SAKI.A-IST 


111. BAR  I Ml  N I OF  1)1  I I NSI 


Ailnimislralor 

Delensc  Doeuinenl.ilion  Cenici 
Aim : Au  essinns  I illusion 
■.Cameron  Station 
Alexandria.  VA  22514 


Director 

Delensc  Inlellir  ni  e Ai'cncy 
Alin  DIR  41.1 
Washinplon.  DC  20  To  I 


1)1  I’AR  l Ml  N I Ol  Till  ARMY 


IIODA  ll)AMOOD(') 
W ASH  DC  2HOII 


I 

I 

I 

I 

I 

Hi 

11 


US  Army  Research  anil  Standardization 
( Iroup  I Furopc) 

Box  65, 1 BO  New  York  (105  III 


Commander 
IIS  Army  l urope 

Alin  AFMI'S 
ABO  New  York  (104(15 


Ol  I H I OF  Mil  SIIROI  ON  Ol  N I RAI 


IIODA  (SORD  I 1)1  1 

Alin:  FT  C Charles  Dctlor 
WASH  DC  2(014 


Commander 

US  Army  Medical  Bioenpineenni: 

Research  24  Dcvelopmem  l.ahoi.ilory 
Alin:  SORD-UBCi 
Alin : FTC  L.  Reuter 
I ort  Detrick 
Frederick.  Ml)  21701 


IIS  ARMY  III  Al  l II  SI  RVK  I COMM  \ND 


( 'ommander 

US  Aimy  I nvironmenlal  llieiene  Aecm  v 

Alin:  USAI'MA-AI  . I iBiaikiu.  Bid):  210(1 
Alin:  USA  I IIAI 
A IN  1-1  Threivooil  Area 


( 'ommander 

US  Armv  Institute'  ol  Suren  al  Rescan  It 
Brooke  Anns  Medical  (Vnlcr 
I oil  Sam  llouslon.  7 X 7X254 


Superintend  enl 
Academy  ol  Health  Sciences 
US  Army 

Altn : IISA-CDC 
Alin  USA  Rill 
Fort  Sam  Houston.  I X 7X214 


US  ARMY  M All  Rill  III  VII  Ol’MI  NT  A 
Rl  ADINI  SS  COMMAND 


( ommander 

US  Arms  M tteriel  Development  A 
Readiness  ( omm.ind 
Alin  DRCSI 

DIM  Rl)  WII 
DrtCKD 
MKCKD  I S 
DIM  IS  MD 
DKCBA I 
DIM  Rl’  I 


Aim 

Aim 

Aim 

Aim 

Atm 

Aim 


5001  I isenhower  Ave 
Alexanilna.  V A 2 2 55 1 


-49- 


•-I 


PFtSuEDIIC  PA3t ^ ifejkNK-  NOT  FILMED 


DISTRIliUI  ION  LIST  I OK  I OIL  76044  (Could) 


Names 

Commander 

US  Army  I oreign  Si  ieme  & 

I ethnology  (’enter 
Alin  UkXST-ISI 
2 20  Seventh  Si..  NIC 
Charlottesville,  VA  22901 

Cine I.  Redstone  Scientific 
Information  Center 
l S Army  Missile  Command 

Alin  Ooiiiment  Section 
Redstone  Arsenal,  Al.  35H09 

( omm.iiiilcr 

US  Arm}  Silence  & technology 
( enler-l  ar  I asi  Ollitc 
A 1*0  San  I uncisco  96328 

Lrnjcct  M.magcr  t • » r ( hnnn.il  Demilitarization 
and  Installation  Kcstoralion 
Attn  DRC LM-DR 
AL(»  I dgesvood  Area 

US  ARMY  ARM  AM  I.  NT  COMMAND 

( «'muia mR  r 

US  Arms  Armament  Command 
Attn  DKSAK-ASI 
Attn  DRSAR  ASH 
Attn  DRSAR  I N 
Attn  DRSAR  ISI 
Alin  DRSAR-MT 
Atm  DRSAR -WV 
Attn:  DRSAR  RDM 
Arm  DRSAR  RD  I 
Rot  k Island,  II  61201 

t 'oiitnian'lcr 

KoO.y  'loi.ni. nn  Arsenal 
Attn  SAKKM-MI) 

Denver,  CO  80240 

( oinniander 
Line  Mini l Arsenal 

Attn  SAKLR I TA 
Line  Hliitl.  AR  71611 

( omm.indcr 
1 ranklord  Arse  n il 

Attn  SARI  A I -1200 
Attn  I ilnarv  Mrancli.  I SL*L/MI«I>'  M -2 
Llnladelpliia,  LA  19137 

US  ARMY  I ISI  Ac  I- VALDA  I ION  ( OMM AND 

Resold  ( "p\ 

CDR.  AIM 

Alin  STI  AL  AI)  K/KIIA 
AIM  I dgewood  Area,  lilde  151  79 


Copies  Names 

('DR,  AIM 

Atm  S I I AL  T L 
AIM  Aberdeen  Area 

2 

Commander 

US  Army  Tropic  lest  Center 

Atm  S I I 1C  MO  A (lech  I ibraty) 
AID  New  York  09827 

Commander 

j Dugway  Lioving  (•round 
Alin  S1IDL1V 
Dtigw ay . ll  I 84022 

I 

Commander 

US  Army  Test  X I valuation  C ommand 
Alin:  AMSII  LC. 

Attn:  AMSII  Ml 
Alin:  AMSII  -NR 
A IX I -Aberdeen  Area 

1 

DLLAR1  Ml.NI'  Ol  1 III  NAVY 

Chief  of  Naval  Research 
At  In:  Code  44  3 
800  N Omncy  Street 
Arlington,  VA  22209 

I 

1 ('oinniander 

j Naval  I aedilies  I ngmcermg Command 

2 Alin  Code  0321 

j 200  Stovall  Street 

j Alexandria.  VA  22332 

I 

I Commander 

Naval  Ordnance  Systems  Command 
Attn  OKI)  03D 
Washington.  DC  20360 

I Cliicl,  Rurc.tu  ol  Medicine  \ Suigery 

Department  of  the  Na\\ 

Attn  C0DI  553-1 
Washington,  DC  20372 

5 Commander 

Naval  Air  Systems  Command 
Attn  Code  AIR -3501 
Atm  Code  AIR-5 323 1 R 
Washington,  DC'  20361 

1 

2 Dl  LARI  Ml  N I Ol  INI  AIR  I ORC  I 

IK.)  I oreign  lechnnlogs  Division  (Al  SC) 
Alin  LDIR3 

Wright  Laltcrs*>n  Al  R.OII  4 5433 
llo.  USA  I /SULK 

I I oriestal  Ithlg 

WASH  IX'  20314 


I >1S  I Klllin  l('N  I 1ST  I OK  I O-TU  76044  (Could) 


Names 

I tircctnr 

Air  I- out  Inspection  and 
Safety  Center 
Attn  k;d(aiisc/si:v) 

Norton  AI  M.  CA  92409 

Commander 

Ann.mient  llevelopinent  & l est  Center 

Attn  DI.OSI  ( I eclrnieal  I tltrary) 

I pirn  Al  It.  I I.  42542 

mnsim  a< ;i  ncii  s 

Drier  tor  of  I osicolnpv 
Nation. il  Keseatr  It  Count  tl 
2101  ( rrnslttuliitn  Ave,  NW 
Washmelon,  DC  204  IK 

I tireelor 

Cenlral  Inlollipencc  Apcncy 
Attn  OKD/DU/S&P 
Washington,  DC  20505 

ADDITIONAL  ADDRI  SSI  I S 

( 'nittm.irit/cr 
I’ieatinns  Arsenal 

Attn:  SAKPA-CO 
Attn  SAKPAMI 
Attn  SAKI’A-MI  I 
Attn  SAKPA  MI  S 
Dover,  Nl  07K0I 

( 'oi>im,,rif|t  r 

I SDK'  Inst, illations  K Services  Al'cmy 
Attn  DIUISKIIU 
Roll:  Island,  II.  (II  201 

Cotninantler 

DS  Army  Materiel  Development  & 

Re. iilines'.  C'ointnanil 
A tin  DRCI’M  PHM  -I  C/Pmjctl  Manai'cr 
M iinilion  Production  Rase 
Modernization  \ I Npattsinn 
Attn  DRCPM-PRM-I  ll/Mr  A.  Selman 
Dover,  Nl  07Kft| 

Commamler 

DADCSI.Ot; 

Attn:  DAI  O AMI* 

Washmpton.  DC  20510 

Commander 

DS  Army  I’loeiiremenl  I i|utpmcnt  Apcncy 
Attn  DUX-PI  MT 
Ruck  Island.  II  01201 

I tepaitnierit  ot  the  At  my 
Attn  DAI  N /Cl 
Washington.  DC  20510 


Copies  Names 

Commander 

US  Army  Conslruetton  rnpinccnnp 
Research  I ahoratory 
1 Attn:  Cl  RL-I  R 

Champatp.n,  II.  61820 

Office  of  Chic!  "I  I up  nicer s 
Attn  DAINMC7  I 
1 Wasltinplon.  DO  20514 

District  I npinecr 
IIS  Army  Corps  of  I npineers 
2t * I eileral  I'la/a 
I New  York,  NY  10007 

District  I npinecr 

US  Army  Corps  ol  I'npinecis 

I’D  Ron  17500 

Fort  Worth,  TX  76102 

I District  I npinecr 

US  Army  Corps  ol  I'lipineers 
PO  Roy  22KK 
Mobile.  A I 5662K 

District  I npinecr 
US  Army  Corps  of  I npineers 
I 6014  US  PO  & Courthouse 

1 215  N 17th  Street 

I Omaha,  NR  6S102 

I 

District  I npinecr 
l IS  Anns  Corps  ol  I npineers 
Attn  IINDIDM 
Attn  IINDI  D l < 

I PO  Ron  1600  West  Slalion 

Huntsville,  Al.  55807 

District  I- npinecr 

US  Army  Corps  of  I npineers 

PO  Ron  1715 

I Raltimore.MD  21205 

District  I npinecr 

1 US  Army  Corps  ol  1 npineeis 

80 1 front  Street 
Norfolk,  VA  25510 

Commander 

I llolston  Arms  Ammunition  Plant 

Alin  SAKIIOI 
Ktnpsport.  TN  47662 

Commander 

I Milan  Arms'  Ammunition  Plant 

Attn  SARMIS 
Milan.  IN  <8558 

I Commander 

Ness pori  Arms  Ammunition  Plant 
Attn  SARNI  -S 
Ncsvpnrl.  IN  4 7966 


Names 

Commander 

Radlord  Army  Ammunition  Plant 
Attn  SAKRA-lh 
Kadlord.  VA  24141 

( oiiiiii.inder 

Sunflower  Army  Ammunition  Plant 
Attn  SAKSU-O 
Lawrence,  KS  66044 

( ommamlcr 

Volunteer  Army  Ammunition  Plant 
Attn  S ARVO- 1 
( hat t.mooga.  I N 37401 

I n\iioiimcnt.il  Protection  Agency 
Attn  Mi  Harry  Ike 
26  I cdcral  Pl.i/a/Rm  837 
New  York.  NY  10007 

I n\ ironmcnt.il  Protection  Agency 
Attn  Mr.  Hen  Lacey 
Cm  i is  Building,  2il  lloor 
6tli  and  Walnut  Sts 
Plnladelpltia.  PA  19106 

I nvironmcntal  Protection  Agciuy 
Attn.  Mr  Arthur  l inton 
14  21  Peachtree  Street.  Nl 
Atlanta.  GA  30309 

I nvironmcnt.il  Protection  Aeciuv 
Attn  Mr  Don  A Wallgrcn 
1 North  Wavier  Drive 
( h k 4'<i.  1 1 60606 


DISIKIHUilON  LIS  I I OR  1.0  I R 76044 

Copies  Names 

I nvironmcntal  Proteitnm  Agency 
Attn  Mr  James  Highland 
1 1600  Patterson  Street 

Dallas.  I X 75201 

environmental  Protection  Agency 

Attn  Mr.  Robert  KoketRM  249) 
1 17)5  Baltimore  Street 

Kansas  City . M0  64  I OK 

I iiYironmcnt.il  Protection  Agency 
Attn:  Mr  Keith  Synder 
1 I mcoln  I oner  Suite  900 

I 860  I incoln  Street 
Denver.  CO  80203 

1 I nvironmcntal  Protection  Agency 

Attn  Mr  Irving  I cr/ich 
1 00  Calitoini.i  Street 
San  I rancisco,  (’A  941  I I 

1 Arms  I opist it  s Management  Center 

I nvironmcntal  Management 

Attn  1 CDR/J.C.  lh dander 
l ort  Lee.  VA  23801 

US  Army  I ngmecr  Waterways 
1 I xpermicnt.il  Station 

I nvironmcntal  Systems  Division 
PC)  Box  631 
Vicksburg,  Ml  39)  Ho 

I Director 

Center  lor  I nviioiimeiiial  Studies 
Virginia  Polvtcihim  Institute  <SL 
State  I 'nivci  si  I \ 

Blacksburg.  VA  24(X,I 


